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Abstract
With increased penetration of wind power into electrical grids, DFIG wind turbines are largely deployed due to their 
variable speed feature and hence influencing system dynamics.
According to grid codes issued by utilities, tripping of wind turbines following power system faults is not allowed. 
Besides, to provide voltage support to the grid, reactive current supply is necessary. This paper studies the power flow (PF)
of two different networks, the first is a transmission network and the second is a distribution one, A wind Doubly-Fed 
Induction Generator (DFIG) turbine is injected to these different networks.
A line fault right through (LFRT) is applied on each network and the power flow results are given and compared, then a 
new solution is proposed to connect the wind turbine to the distribution network with a down transformer to not 
disconnect the wind turbine during the LFRT, the power system analysis toolbox (PSAT) is used in this work.
© 2013 Published by Elsevier B.V. Selection and/or peer review under responsibility of Asia-Pacific
Chemical, Biological & Environmental Engineering Society
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1. Introduction
With increased penetration of wind power into electrical grids, Doubly-Fed Induction Generator (DFIG) 
wind turbines are largely deployed due to their variable speed feature and hence influencing system dynamics.
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One of the important operating requirements of a reliable power system is to maintain the voltage within 
the permissible ranges to ensure a high quality of customer service. In modern bulk power system, voltage 
instability would lead to blackout which is of major concern in planning and operation of power system. 
Many studies are made on this issue, the voltage stability is checked by formulating an (L) index and the 
corresponding uncertainties input parameters are efficiently modelled in terms of fuzzy sets by using 
triangular membership functions. The proposed technique will be highly useful to ensure voltage security of 
power system by predicting the nearness of voltage collapse with respect to the existing load condition. This 
will in turn help us in determining the maximum load ability of the given system without causing voltage 
instability [1]. 
Aspects of grid stability became more and more important due to the worldwide increase of installed wind 
power plants. In the past wind power stations had to disconnect in the case of grid faults. In several studies, 
the behaviour of DFIG based wind turbines during grid faults is discussed and elucidated using simulation 
results. It is shown that with properly designed crowbar and DC-link chopper even zero voltage ride-through 
is possible [2]. A specific control of the variable speed wind turbine power converters is proposed and 
described in [3] to support FSWTs during voltage dips. [4] Emphasizes on variable speed operation and fault 
ride-through capability improvement in wind farm network and transmission network respectively. Simulation 
is performed in PSCAD/EMTDC software to study the behaviour of wind farm, transmission voltage and DC 
voltage for different changes in wind speed and three-phase short circuit fault. The simulation results validate 
the connection method performance and the fault ride- through capability improvement. 
The different papers above proposed the integration of wind power in the transmission lines were the 
voltage is higher than the voltage produced by the wind turbine [5]; in this paper a new solution is proposed to 
not disconnect the wind power during the grids fault. 
2. Problem Formulation 
The basic scheme adopted in the majority of systems is showed in figure 1. The stator is directly connected 
to the grid, whilst the wound rotor is fed from the Power Electronics Converter via slip rings to allow DIFG 
operating at a variety of speeds in response to wind speed changes. Indeed, the basic concept is to interpose a 
frequency converter between the variable frequency induction generator and fixed frequency grid. The DC 
capacitor linking stator- and rotor-side converters allows the storage of power from induction generator for 
further generation. To achieve full control of grid current, the DC-link voltage must be boosted to a level 
higher than the amplitude of grid line-to-line voltage [6]. The slip power can flow in both directions, i.e. to the 
rotor from the supply and from supply to the rotor and hence the speed of the machine can be controlled from 
either rotor- or stator-side converter in both super and sub-synchronous speed ranges. The machine can be 
controlled as a generator or as a motor in both super and sub-synchronous operating modes realizing four 
operating modes [7]. 
 
Fig. 1. DFIG model 
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2.1. The WeibullWind Speed Probability Density Function [8] 
The Weibull wind speed distribution is a mathematical idealization of the distribution of wind speed over 
time. The function shows the probability of the wind speed being in a 1m/s interval centred on a particular 
speed (v), taking into account both seasonal and annual variations for the years covered by the statistics. The 
Weibull distribution function is given [9, 10] by: 
 
                                                                                                                          (1) 
Where     is the frequency of occurrence of wind speed (v), c (in unit of m/s) is the scale factor which is 
closely related to the wind speed location, and k is the dimensionless shape factor which describes the form 
and width of the distribution. The Weibull distribution is therefore determined by the two parameters c and k. 
The cumulative Weibull distribution which gives the probability of the wind speed exceeding the value v 
is expressed as: 
 
                                                                                                                                       (2) 
Equation (2) above suggests that both k and c could be obtained from a regression analysis of P(v)  v plot 
of the wind speed distribution data for a particular location. However, meteorologists have characterized the 
he speed distribution patterns. 
For example, in temperate climate (mid latitudes), a typical shape factor (k) of 2 offers a good approximation 
[10, 11]. On the other hand, the (k) shape factor has been suggested [10, 12] to be obtainable using the mean 
win  
 
                                                                                                                                                  (3) 
While the scale factor has been given [13] as: 
 
                                                                                                                                                        (4) 
W -variable [14] as: 
 
                                                                                                                                      (5) 
2.2. Voltage Stability Index Estimation 
The formulation of a voltage stability load index at a load bus using voltage equations is presented in [15]. 
The index gives the distance of the bus to the voltage stability limit. The voltage stability L-index is given by 
the equation: 
 
                                                                                                                 (6) 
where, Vo is the no load voltage at the node and VL is load voltage. When the value of L at every load bus 
in the system is less than 1.0, the system is voltage stable. As the value of L approaches 1.0 at any bus, the 
system approaches its stability limit and becomes unstable when L exceeds 1.0 at the referred bus [15]. 
3. Characteristics 
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with a DFIG of 5MW. Figure 2 shows the block diagram of the simulated system. the wind is modelled by the 
Weibull method, two typical networks of 5 bus, two generators, two transformers and two lines are chosen, 
were the first is a transmission network and the second is a distribution one.  The turbines are equipped with a 
transformer and are connected to the power system. 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Simulation diagram of the DFIG wind turbine studied. 
4.  Simulation Results 
A DFIG wind turbine of 5 MW and 0.96 kV is equipped by a transformer and they are connected to the 
grid as in figure 2; the transformers in figure 2 are considered in the first time as up transformers then as down 
transformers to study the LFRT capability of DFIG wind turbine in those two cases, a three phase line fault of 
500 ms is considered in each time. The line fault considered is the most unfavorable case. 
4.1. Influence of the Line Fault on the DFIG Wind Turbine Connected to the Transmission Network 
The DFIG wind turbine is equipped in the first time by an up transformer (0.96/34.5 kV), and they are 
connected to the grid; the line fault is considered in the transmission line and the voltages in all buses before, 
during and after the line fault are presented in figure 3a. 
 
Fig.3. (a).  Voltages in different buses of transmission network before, during and after the fault; (b). Reactive power synchronization of 
DFIG connected to the transmission network before, during and after the line fault. 
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According to the figure 3a, the voltage in different buses before the line fault is in standards, but during the 
line fault a voltage dips is appeared and it remains even that the line fault disappeared. So, the DFIG wind 
turbine has not a line-fault ride-through capability when it is connected to the transmission network. 
The figure 3b shows the reactive power synchronization of the DFIG wind turbine before, during and after 
the fault. 
The DFIG reactive power increases during the line fault to contribute in maintaining the voltage, but the 
reactive power generated is not enough and the line fault had defeated. 
4.2. Influence of the Line Fault on the DFIG Wind Turbine Connected to the Distribution Network 
The DFIG wind turbine is equipped now by a down transformer (0.96/0.230 kV), and they are connected to 
the grid; the line fault chosen is considered in the distribution line, and the figure 4a shows the voltages in all 
buses before, during and after the line fault. 
The figure 4b shows the reactive power synchronization of DFIG wind turbine before, during and after the 
line fault. 
 
 
Fig.4. (a) Voltages in different buses in the case of distribution network before, during and after the line fault; (b) Reactive power 
generated by the DFIG wind turbine connected to the distribution network before, during and after the line fault. 
According to the figure 4a, the voltages in different buses before the line fault are in standard, a voltage 
dips is appeared during the line fault, but it was disappeared with the line fault. So, the DFIG wind turbine has 
a line-fault ride-through capability when it is connect to the distribution line. 
The DFIG reactive power increases during the line fault to contribute in maintaining the voltage, than it 
decreases to its nominal value after that the line fault disappeared. 
The DFIG wind turbine has the capability to contribute in maintaining the voltage during a line fault when 
it is connected to the distribution network by a down transformer. However, 
power to maintain the voltage during the fault line when it is connected to the power system by an elevator 
transformer. As a solution now, the DFIG wind turbine may be connected directly to the distribution network 
by a down transformer to avoid the disconnection problem from the network during a line fault. 
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5. Conclusion 
This paper has presented the line fault ride through capabilities of a DFIG wind turbine; the DFIG had 
been integrated in two different networks, the first is a transmission while the second is a distribution network, 
it also had been equipped by transformer. A three phase fault had been applied in those networks and at each 
time the voltages in all grid bus and the reactive power synchronization of DFIG wind turbine results have 
been given before, during and after the fault. The results are given using the PSAT; it had been demonstrated 
that the line fault ride through capabilities of a DFIG wind turbine was done while DFIG wind turbine was 
integrated in the distribution network and equipped by down transformer. 
Finally it was demonstrated that to avoid the disconnection problem of the DFIG wind turbine from the 
network during a line fault; one may connect the DFIG wind turbine directly to the distribution network by a 
down transformer. 
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